The acetone extra ct of Ochna pretoriensis was evaluated for antibacterial activity using bioautogr aphy and serial microplate dilution methods against f our nosocomial bacterial pathogens namely: Escherichia coli, Staphylococcus aureus, Enterococcus faecalis and Pseudomonas aeruginosa. A bioass ay-guided fractionation of th e crude extract led to the isolation of two antibacter ial biflavonoids, ochnaflavone and o chnaflavone 7-O-methyl ether. Gram-negative bacteria were more sensitive to t he isolated compounds than the Gram-positive bacteria (MIC values: 31.3 µg/mL for P. aeruginosa and 62.5 µg/mL for S. aureus). In additio n, the isolated com pounds were assessed for their pot ential toxic effects in the MTT toxicity assay using monkey kidney vero cells and Ames genotoxicity test using Salmonella typhimurium strain TA98. LC 50 values were 125.9 µg/mL for ochnaflavone and 162.0 µg/mL for ochnaflavone 7-Omethyl ether. The isolated co mpounds have selectivity index values r anging from 1.29 to 4.03. Selectivity index values high er than one indicate that test samples are less toxic to the host cells than to the pathogens. The biflavonoids did not have any mutagenic effects in the Salmonella/microsome assay without metabolic activation.
Antibiotic resistance and the ever increasing development of multidrug resistant by pathogenic microbes are of concern. This resistance has resulted in an increased incidence of inf ectious diseases leading to high morbidity and mortality [1] . As a result the search for new antimicrob ial/anti-infective drugs (from plants) is imperative to counter resistance development and to avert or del ay the arrival of a pos t-antibiotic era [2] . Plants have been us ed throughout history to cure and prevent infectious diseases and thus present an obvious source of new antimicrobial compounds [3] .
The genus Ochna, (Ochnaceae) comprises 86 species of evergreen trees and shrubs and occurs widely in Africa, Asia and Madagascar. Biflavonoids isolated from this genus have diverse biological and pharmacological properties, which include antiviral, antihepatotoxic, anticancer and immune suppressive activities [4] [5] [6] . While several pharmacological activities have been reported for members of the genus Ochna, there has been no previous report of the antibacterial activity of m embers of this genus. In a previ ous study, we investigated the an tibacterial potential of several Ochna species from which we iden tified the m ost active ones [7] . This study was an a ttempt, to isolate the antibacterial constituents of O. pretoriensis. Two main antibacterial compounds were isolated using bioassay-guided fractionation and chemically characterised. Moreover, the potential toxic e ffects (cytotoxic and g enotoxic effects) of the isolated compounds were evalu ated using a tetrazolium based colorimetric assay (MTT assay) on Vero monkey kidney cells, and a b acterial based mutagenicity test in S. typhimurium (Ames tests), respectively.
Bioassay-guided fractionation of the crude extract of the dried leaves of O. pretoriensis, followed b y column chromatography, yielded two compounds identified as ochnaflavone ( 1) and ochnaflavo ne 7-O-methyl ether ( 2) using 1 H and 13 C NMR spectroscopic and mass spectrometric analysis. The structures were confirmed by comparison of the NMR data with that in the literature [8] . The MIC of the tested crude extracts, different solvent-solvent fractions and the biflavonoids ochnaflavone and ochnaflavone 7-Omethyl ether are presented in Table 1 . The most sensitive organism to both biflavonoids was P. aeruginosa with an MIC value of 31.3 µg/mL . E. faecalis was more sensitive to ochnaf lavone. Ochnaflavone had higher activity than its methoxy derivative.
The cytotoxic potential of ochnaflavone (1) and ochnaflavone 7-Omethyl ether (2) was tested in the MTT assay using Vero monkey kidney cells. Ochnaflavone and ochnaflavone 7-O-methyl ether had low cytotoxicity compared with berberine . The LC 50 values were 125.9 µg/mL fo r ochnaflavone and 162.0 µg/mL for ochn aflavone 7-O-methyl ether. Berberine, the positive con trol, had a LC 50 of 39.0 µg/mL. To evaluate p otential efficacy, tolerability and therapeutic antibacterial activity of the two compounds, selectivity index (SI) was calculated by dividing the LC 50 in mg/mL by MIC in mg/mL. The selectivity Index (SI) values of the isolated compounds are presented in Table 2 . The isolated compounds had positive, b ut low, selectivity indices ranging from 1.29 to 4.03.
Results obtained from the mutagenicity and antimutagenicity test of ochnaflavone and ochnaflavon e 7-O-methyl ether using th e Salmonella typhimurium strain TA98, based o n the number of induced revertant colonies, are presented in colonies is at least double that of the negative control. Both ochnaflavone and ochnaflavone 7-O-methyl ether had no potential mutagenic effect. Neither of the biflavonoids tested significantly modified the mutagenicity of the known mutagen 4-NQO. However, the slight reduction in the number of revertants was not dose dependent and indicative of toxicity.
Ochnaflavone had been isolated previously from several members of the Ochnaceae family including O. squarrosa [9] , O. pumila [10] , and O. obtusata [8] among others while its methyl ether ochnaflavone 7-O-methyl ether had been isolated from O. squarrosa [9] . Ochnaflavones have a wide range of biological activities including inhibition of cyclooxygenase-2 and 5-lipoxygenase in mouse bone marrow derived mast cells [11] and inhibition of arachidonate release by phospholipase A 2 from rat peritoneal macrophage [12] . The flavonoid has also antioxidant activity, inhibits lipopolysaccharide-induced iNOS expression lipopolysaccharide-induced nitric oxide production and inhibits TNF-α [6, 13] .
Although many biflavonoids have been isolated from the family Ochnaceae, this is the first report of the isolation of ochnaflavone and ochnaflavone 7-O-methyl ether from Ochna pretoriensis and it is also the first report of their antibacterial activity. The compounds isolated in this study may have synergistic and/or combined antibacterial activity since on average, the chloroform and ethylacetate fractions in some cases had a higher activity than the pure compounds. The isolated compounds had better antibacterial activity than the crude extract.
The assumption that herbal medicine and pure phytocompounds are safer than synthetic compounds is certainly an overstatement, as many natural products are cytotoxic, mutagenic and carcinogenic. Ochnaflavone and ochnaflavone 7-O-methyl ether did not have substantial toxicity towards vero cells. However, they had low specific/selective antibacterial activity with selectivity indices ranging from 1.29 to 4.03. A selectivity index of higher than 10 is preferred to ensure that an overdose does not harm the host. A high selectivity index is an indication of a large safety margin between a beneficial and toxic dose. At these relatively low selectivity indices the compounds would only be useful in topical applications. The first assumption is that cellular toxicity approximates in vivo toxicity, but this may not necessarily be true.
Even though the numbers of revertant colonies obtained in the Ames test for each compound at differing concentrations were more than that in the negative control, the two compounds tested are considered to be non-mutagenic. Test substances are only considered mutagenic when the number of revertant colonies in the test sample is more than twice that in the negative control. Moreover, a dose-response should be evident for the various concentrations of the mutagen [14] . At the highest concentration tested for each compound, the number of revertants seemed to decrease as compared with the lower concentrations tested. This may be a result of toxicity to the bacteria since the compounds being tested have proven to have antibacterial activity.
Antimutagenic effects of the compounds were less than 25% in each case, thus all the compounds may be considered to have weak or no antimutagenic activity. Verschaeve and Van Staden [14] explained that when the antimutagenic effects of a substance is more than 25%, then the test sample may be considered to have moderate antimutagenic effects and that it can be concluded that a test sample has a strong antimutagenic effect when the percentage of antimutagenicity is higher than 40%. Since the compounds tested in this experiment have demonstrated antibacterial activity, then their toxicity towards the test strain used may mask the genotoxic response.
In conclusion, the potential antibacterial activity of O. pretoriensis was demonstrated for the first time and its most active constituents shown to be ochnaflavone and ochnaflavone 7-O-methyl ether. The isolated compounds were not mutagenic in the Ames test and did not have substantial toxicity towards Vero cells. However, given the low selectivity index values of the isolated compounds, herbal preparations from this plant should probably be used only as topical applications for treating external microbial infections.
Experimental

Plant material collection: Leaves of
Ochna pretoriensis E. Phillips were collected from the National Botanical Garden in Pretoria, South Africa. A voucher specimen (HGWJ Schweichkerdt Herbarium, UP 114801/2) was deposited at the Herbarium of the University of Pretoria. The leaves were dried in the dark at room temperature, pulverized into fine powder and stored in closed glass bottles until use.
Extraction and bioassay-guided fractionation of biflavonoids:
The powdered leaves (100 g) were extracted with 1 L of acetone overnight. The extract was filtered through Whatman No.1 filter paper and concentrated under reduced pressure to yield 10.46 g Antibacterial biflavonoids from Ochna pretoriensis Natural Product Communications Vol. 7 (12) 2012 1603 crude extract, which was subjected to solvent-solvent fractionation using n-hexane, carbon tetrachloride, chloroform, ethyl acetate, 70% water in methanol, water and n-butanol [15] . Aliquots of the fractions were separated by TLC and tested in the bioautographic antibacterial assay described below. The most active ethyl acetate fraction (250 mg) was subjected to CC using silica gel 60 (Merck) and eluted with an isocratic system of chloroform and methanol [90:10→0:100] at 10% increments. Fractions were collected and combined based on TLC. All fractions were analysed again for bioactivity using the antibacterial bioautographic method. Fractions 2&3 were the most active (with 6 yellow lanes of bacterial growth inhibition) and were subjected to further purification using a Sephadex LH20 column with ethyl acetate as eluent to give compounds 1 (30 mg) and 2 (10 mg).
Qualitative antibacterial assay by bioautography:
The antibacterial bioautographic assay was carried out according to the method of Begue and Kline [16] . Quantitative antibacterial assay by serial microdilution: The serial dilution assay described [17] was used to determine the minimum inhibitory concentrations of the crude extract and the isolated biflavonoids against Enterococcus faecalis (ATCC 29212), Staphylococcus aureus (ATCC 29213), Escherichia coli (ATCC 27853) and Pseudomonas aeruginosa (ATCC 25922). Each compound was dissolved in acetone (1 mg/mL) and serially diluted two-fold in a 96-well microplate with equal volumes of water for each of the 4 bacteria used. One hundred μL of each bacterial culture were added to each well. Acetone was used as negative control and gentamicin as the positive control. The plates were then incubated overnight at 37°C. To indicate bacterial growth, 40 µL of 0.2 mg/mL INT was added to each well after incubation and the plates incubated further at 37°C for 30 min. The MIC was recorded as the lowest concentration of the compounds at which the bacterial growth was inhibited. The MIC values were also determined after 12 h and 24-36 h incubation with the compounds to determine if they possess either bacteristatic or bactericidal activity. The experiment was performed in triplicate and repeated twice.
Tetrazolium-based cytotoxicity test: Cytotoxic effects of the isolated compounds were determined using the tetrazolium-based colorimetric assay (MTT assay) against Vero monkey kidney cells using the methods described by Mosmann, [18] . Briefly, the cells were maintained in minimal essential medium supplemented with 5% fetal calf serum and 0.1% gentamycin. Cell suspensions were prepared from confluent monolayer cultures and plated at a density of 0.5 × 10 3 cells into each well of a 96-well microtiter plate. After incubation at 37°C in a 5% CO 2 incubator, the subconfluent cells in the microtiter plate were used in the cytotoxicity assay. The test compounds were assayed at concentrations ranging from 10 to 200 µg/mL. Berberine chloride was used as positive control. The intensity of color is directly proportional to the number of surviving cells. Tests were carried out in quadruplicate and each experiment was repeated 3 times.
Genotoxicity testing (Ames test):
The potential genotoxic effect of 1 and 2 was investigated using the Ames test [19] , performed with Salmonella typhimurium test strain TA98. 4-Nitroquinoline 1-oxide (4-NQO) was used as a positive control at a concentration of 2 µg/mL.
